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(57) ABSTRACT 

A wireless IC tag includes an IC chip with a response circuit 
for receiving a signal sent from an interrogator and transmit 
ting a response signal in response to the received signal, a 
rectangular antenna connected to the response circuit, a first 
protective material hard in nature for covering the IC chip, 
and a second protective material, softer than the first protec 
tive material, for covering at least a part of the antenna, and 
the antenna is formed in a laminated structure of a plurality of 
flat members different in toughness so as not to fracture even 
when the antenna is bent by external forces. 

22 Claims, 12 Drawing Sheets 
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1. 

METHOD FOR MANUFACTURING RADIO 
FREQUENCY ICTAG AND ANTENNA 

INCORPORATION BY REFERENCE 

The present application claims priority from Japanese 
application JP2005-181404 filed on Jun. 22, 2005, the con 
tent of which is hereby incorporated by reference into this 
annlication. pp 10 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for manufactur 

ing wireless IC tag with Sufficient resistance properties in 
harsh working conditions, and an antenna for the same wire 
less IC tag. 

2. Description of the Related Art 
Wireless IC tags of RFID (Radio Frequency Identification) 

system are known which, on receiving an interrogation signal 
sent from the interrogator, returns a reply signal carrying 
information Such as a stored identification number. In addi 
tion, among wireless IC tags, there are so-called linentags for 
use as a kind of tags which are attached to articles of clothing. 25 
As stated in JP-A-9-61520, among linen tags is a rectangular 
tag formed by gluing a urethane resin layer to both sides of a 
film-type circuit, which includes an IC chip and a loop 
antenna, and then coating the whole Surfaces of it with a 
silicon film. JP-A-2005-56362 discloses a button-shaped tag, 30 
wherein the housing is formed like a button provided at its 
portion with a retainer by which a string-like member is fixed. 

15 

SUMMARY OF THE INVENTION 
35 

A linentag is exposed to environments at high temperature 
and high pressure in washing or dry cleaning, for example. 
Therefore, the linentag is required to have a structure durable 
to meet the rigors of harsh and unforgiving environments. If a 
rectangular linen tag, mentioned above, is treated in a high- 40 
speed spin drier (lately, some driers run at a high pressure of 
4.4MPa), for example, there is a possibility that the antenna 
portion suffers metal fatigue. On the other hand, with button 
shaped linen tags, for structural reasons, fracture of the 
antenna hardly occurs. However, the button type linen tags 45 
have a problem that they are likely to come offin centrifugal 
dewatering, and their shape limits the range of application to 
certain types of clothing. 
The present invention has been made with the above prob 

lem in mind and has as its object to provide a method for 50 
manufacturing a wireless IC tag and an antenna with Suffi 
cient resistance properties even in severe working environ 
mentS. 

In the main invention of the present invention to achieve the 
above object, a wireless IC tag comprises an IC chip including 55 
a response circuit for receiving a signal from the interrogator 
unit and sending a reply signal in response to the received 
signal; a rectangular antenna connected to the response cir 
cuit; a first protective material of hard nature for covering the 
IC chip; and a second protective material softer than the first 60 
protective material. 

In a wireless IC tag of the present invention, the IC chip is 
protected securely from external forces or the like by the first 
protective material of Soft nature, and the antenna portion, 
which is susceptible to fracture by bending by external forces, 65 
is protected by a second protective material of soft nature 
which offers less chance of creasing. Therefore, it is possible 

2 
to provide a wireless IC tag with ample resistance properties 
in harsh working environments. 

According to the present invention, it is possible to realize 
a wireless IC chip with enough resistance properties even in 
harsh working environments. 

Other objects, features and advantages of the invention will 
become apparent from the following description of the 
embodiments of the invention taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a wireless IC tag 1 which 
will be described as an embodiment of the present invention; 

FIG. 2 is a sectional view of the wireless IC tag 1 shown in 
FIG. 1, which will be described as an embodiment of the 
present invention; 

FIG. 3 is a plan view of a first antenna member 12 which 
will be described as an embodiment of the present invention; 

FIG. 4 is a plan view of a second antenna member 13 which 
will be described as an embodiment of the present invention; 

FIG. 5 is a plan view of a symmetric antenna which will be 
described as an embodiment of the present invention; 

FIG. 6 is a sectional view for explaining a structure of the 
second antenna member 13 which will be described as an 
embodiment of the present invention; 

FIGS. 7A, 7B, and 7C are side views of an antenna 91, and 
a first member 141 and a second member 142 for explaining 
a position where a crease is formed when the antenna 91 is 
bent by an external force; 

FIGS. 8A, 8B, and 8C are side views of an antenna 91, a 
first member 141, and a second member 142 according to an 
embodiment of the present invention for explaining a position 
where a crease is formed in a case where the first member 141 
and the second member 142 are changed in their length of 
extension in the longitudinal direction of the antenna; 

FIG. 9 is a block diagram of a circuit integrated in an IC 
chip 11 which will be described as an embodiment of the 
present invention; 

FIG. 10 is a sectional view of a wireless IC tag which will 
be described as an embodiment of the present invention: 

FIGS. 11A, 11B, and 11C are diagrams showing examples 
of Superposition of a second antenna member 13 and a first 
antenna member 12 when two pieces of second antenna mem 
ber 13 are used, which will be described as an embodiment of 
the present invention; 

FIG. 12 is a sectional view of a wireless IC tag 1 formed in 
such a way that a second protective material 15 covers only 
the circumference of a first protective material 14, which will 
be described as an embodiment of the present invention: 

FIG. 13 is a sectional view of a wireless IC tag 1 formed in 
such a way that a second protective material 15 covers only 
the circumference of a first protective material 14 and that two 
pieces of second antenna member 13 are used, which will be 
described as an embodiment of the present invention; 

FIG. 14 is a sectional view of a wireless IC tag 1 formed in 
such a way that the first protective material 14 is provided on 
the outer circumference of the second protective material 15, 
which will be described as an embodiment of the present 
invention; 

FIG. 15 is a sectional view of a wireless IC tag 1 which is 
formed by using two pieces of the second antenna member 13 
in the wireless IC tag 1 of the structure shown in FIG. 14, and 
which will be described as an embodiment of the present 
invention; 

FIG. 16 is a sectional view of a wireless IC tag 1 shown in 
FIG. 14 and formed in such a way that the second protective 
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material 15 is wider than the first protective material 14 which 
covers a shorter portion of the second protective material 15 
in a direction of the second antenna member 13; 

FIG. 17 is a sectional view of a wireless IC tag 1 formed by 
using two pieces of the second antenna member 13 in the 
wireless IC tag 1 of the structure shown in FIG.16, which will 
be described as an embodiment of the present invention: 

FIG. 18 is a plan view of a second antenna member 13, 
which will be described as an embodiment of the present 
invention; 

FIG. 19 is a plan view of an asymmetric antenna, which 
will be described as an embodiment of the present invention; 

FIG. 20 is a perspective view of a wireless IC tag 1 formed 
by using an asymmetric antenna, which will be described as 
an embodiment of the present invention; 

FIG. 21 a sectional view of a wireless IC tag 1 formed by 
using the asymmetric antenna, which will be described as an 
embodiment of the present invention; 

FIG.22 is a sectional view of a wireless IC tag 1 formed by 
using two pieces of the second antenna member 13 in the 
wireless IC tag 1 with the asymmetric antenna, which will be 
described as an embodiment of the present invention; 

FIG. 23 is a sectional view of a wireless IC tag 1 formed in 
such a way that the second protective material 15 covers only 
the circumference of the first protective material 14 in the 
wireless IC tag 1 using the asymmetric antenna, which will be 
described as an embodiment of the present invention; 

FIG. 24 is a sectional view of a wireless IC tag 1 formed by 
using two pieces of the second antenna member 13 in the 
wireless IC tag 1 shown in FIG. 23, which will be described as 
an embodiment of the present invention; 

FIG.25 is a sectional view of a wireless IC tag 1 formed by 
providing the first protective material 14 on the outer circum 
ference of the second protective material 15 in a wireless IC 
tag 1 using an asymmetricantenna, which will be described as 
an embodiment of the present invention; 

FIG. 26 is a sectional view of a wireless IC tag 1 formed by 
using two pieces of the second antenna member 13 in the 
wireless IC tag 1 in FIG. 25, which will be described as an 
embodiment of the present invention; 

FIG. 27 is a sectional view of a wireless IC tag 1 shown in 
FIG. 25 and formed in such a way that the second protective 
material 15 is wider than the first protective material 14 which 
covers a shorter portion of the second protective material 15 
in a direction of the second antenna member 13; 

FIG. 28 is a sectional view of a wireless IC tag 1 formed by 
using two pieces of the second antenna member 13 in the 
wireless IC tag 1 shown in FIG. 27, which will be described as 
an embodiment of the present invention; 

FIGS. 29A and 29B are diagrams for explaining a method 
for manufacturing a symmetric antenna, which will be 
described as an embodiment of the present invention; 

FIGS. 30A and 30B are diagrams for explaining a method 
for manufacturing an asymmetric antenna, which will be 
described as an embodiment of the present invention; and 

FIG. 31 is a plan view of a symmetric antenna provided 
with antislip holes 331, which will be described as an embodi 
ment of the present invention; and 

FIG. 32 is a plan view of an asymmetric antenna provided 
with antislip holes 331, which will be described as an embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will be described in 
detail in the following. FIG. 1 is a perspective view of a 
wireless IC tag 1 which will be described as an embodiment 
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4 
of the present invention. FIG. 2 is a sectional view taken along 
line A-A of a wireless IC tag 1 in FIG.1. The wireless IC tag 
1 includes an IC chip 11 on which a RFID response circuit and 
so on are integrated, a first antenna member 12 and a second 
antenna member 13 as component parts of an antenna 91, and 
a first protective material 14 and a second protective material 
15 for protecting an IC chip and the antenna 91. 

FIG. 3 is a plan view of the first antenna member 12. The 
first antenna member 12 is a flat, rectangular part with a size 
of about 2 mm inverticallength by 20 mm in width by 0.2 mm 
in thickness and is made of a hard material with low tough 
ness, Vulnerable to metal fatigue. Such as a metal conductor 
foil like aluminum (Al) and copper (Cu). The IC chip 11 is 
fixed to about the center of one surface of the first antenna 
member 12 by an adhesive. Such as an anisotropic conductive 
film or a conductive paste, for example. The IC chip may be 
fixed at its electrodes to the first antenna member 12 by facing 
up by ultrasonic waves. In this case, to firmly bond the gold 
(Au) bump electrodes of the IC chip 11 to the first antenna 
member 12, the material of the first antenna member 12 is 
preferably a hard material; for example, if aluminum is used 
as the material for the first antenna member 12, a physically 
firmer bonding can be achieved by hard aluminum (Al) than 
Soft aluminum (Al). In the following description, the Surface 
on which the IC chip 11 of the first antenna member 12 on a 
wireless IC tag 1 is mounted is hereafter referred to as the 
front surface and the other surface opposite to the front sur 
face is referred to as the rear surface. 

In about the center of the first antenna member 12, there is 
provided a generally L-shaped slit 121 passing through from 
the front surface to the rear surface of the first antenna mem 
ber 12, and the slit 121 consists of a slit extending from the IC 
chip in the longitudinal direction of the first antenna member 
12 and another slit extending perpendicularly to the longitu 
dinal direction of the first antenna member 12 and opening at 
the side end. This slit 121, in combination with a capacitive 
element formed inside the IC chip 11, functions as an inductor 
as a component part of a matching circuit for matching 
impedances between the IC chip 11 and the antenna 91. 

FIG. 4 is a plan view of the secondantenna member 13. The 
second antenna member 13 is a flat, rectangular part in a size 
of about 3 mm in vertical length by 50 mm in width by 89 um 
in thickness, for example. Note that the width of the second 
antenna member 13 is normally set to be /2 the working 
wavelength of the wireless IC tag 1. In about the center in 
the longitudinal direction of the second antenna member 13, 
a rectangular notch 131 is formed which is a little smaller in 
outline than the first antenna member 12, and which has a 
wide side parallel with the longitudinal direction of the first 
antenna member 12. 
The antenna 91 of the wireless IC tag 1 is formed by 

Superposition of the first antenna member 12 and the second 
antenna member 13, which are in shape as described above. 
FIG. 5 shows a plan view of the antenna 91 (hereafter referred 
to as a symmetric antenna) of a wireless IC tag 1 formed as 
described. When the first antenna member 12 is superposed 
on the second antenna member 13, take care that the slit 121 
of the first antenna member 12 does not overlap the second 
antenna member 13. The reason is that if the slit portion 121 
overlaps the second antenna member 13, the inductance of the 
inductor formed by the slit 121 will change. 

FIG. 6 is a sectional view for explaining the structure of the 
second antenna member 13. As shown in FIG. 6, the second 
antenna member 13 is a laminated structure (laminated film 
structure) formed by laminating a CPP layer 61 of non 
stretchable polypropylene (CPP: Casting Poly Propylene), a 
conductor layer 62 of a conductor, and a PET layer 63 of 
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polyethylene terephthalate (PET. Poly Ethylene Terephtha 
late) in this order, with thicknesses of 70 um, 7um, and 12 um, 
respectively. The conductor layer 62 is a conductor foil or a 
vapor-deposited film of metal. Such as aluminum (Al) and 
copper (Cu), for example. The above-mentioned laminated 
film structured as described is easy to purchase on the market, 
Such as films manufactured for retortable packages, for 
example. Incidentally, the second antenna member 13 may be 
in a structure formed by laminating, for example, an HDPE 
(High Density Polyethylene) a conductor, and a PET layer in 
this order, or a CPP layer, a conductor, and a CPP layer in this 
order, or a CPP layer, a conductor, and a HDPE layer in this 
order. 
The second antenna member 13 in a laminated film struc 

ture as described has characteristics of being softer and 
tougher and more difficult to crease when it is bent than the 
first antenna member 12. Its laminated film structure ensures 
tensile strength, tear strength and bursting strength. There 
fore, by forming the antenna 91 by superposition of the sec 
ond antenna member 13 structured as described and the first 
antenna member 12 of a hard, low-toughness material, and by 
forming a wireless IC tag 1 using this antenna 91, it is possible 
to realize a wireless IC tag 1 which, while securely protecting 
the IC chip 11 and the slit 121 against external forces, pro 
vides the longitudinally-extending portion of the antenna 91 
with resistance properties against external forces and bending 
actions. Because the wireless IC tag 1 structured as described 
is a flat and thin tag, it can be applied not only to clothes but 
also to a wide range of uses. 

Description moves on to the first protective material 14 and 
the second protective material 15. As shown in a sectional 
view in FIG. 2, the first protective material 14 includes a first 
member 141 in rectangular shape for covering the first 
antenna member 12 from its front Surface side, and a second 
member 142 in rectangular shape for covering the first 
antenna member 12 from its rear surface side. For materials of 
the first member 141 and the second member 142, those 
which have high strength and high heat resistance are used to 
securely protect the IC chip 11 from external forces and heat, 
Such as polyethylene (melting point 130°C.), polypropylene 
(melting point 170° C.), polyethylene terephthalate (PET: 
Poly Ethylene Terephthalate, melting point 250° C.), amor 
phous polyester (PETG Polyethylene terephthalate Glycol, 
no melting point), nylon 6 (melting point 225°C.), polyvinyl 
alcohol (PVA: Poly Vinyl Alcohol, melting point 230° C.), 
nylon 6.6 (melting point 267 C.). Polytetra fluoroethylene 
(melting point 327° C.), because of its high resistance to 
chemicals, is useful especially in applications that the first 
protective material is located outside of the second protective 
material. Note that the first protective material 14 may be in a 
structure that the first member 141 and the second member 
142 are put together by heat-sealing. 
On the other hand, the second protective material 15 is in a 

structure that a first sheet, applied to the front surface side of 
the first antenna member 12, and a second sheet, applied to the 
rear surface side of the first antenna member 12, are put 
together by heat sealing. Thus, since the inside of the second 
protective material 15 is tightly closed by the heat sealing 
process, water-proofing property can be obtained. For the 
second protective material 15, any of materials having high 
flexibility and elasticity and sufficient heat resistance is used, 
such as urethane-based elastomer, silicon rubber or the like. 
By using a material with high flexibility and elasticity for the 
second protective material 15, the antenna 91 can be pre 
vented from being creased when the second protective mate 
rial 15 is bent by an external force. The second protective 
material 15 extends along the longitudinal direction of the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
antenna 91 much longer than the first protective material 14. 
For this reason, even when the antenna is bent by an external 
force, the external force is absorbed by the elasticity of the 
second protective material 15, stresses are less likely to con 
centrate at the base (fulcrum) portion, making a crease less 
likely to be formed. 
When the second antenna member 13 is bent by an external 

force, as shown in FIGS. 7A, 7B and 7C, for example, the 
base portion of the second antenna member 13 contacts the 
end portion of the first member 141 or the second member 
142, causing the base portion to be creased and making the 
antenna 91 likely to fracture at the crease. To prevent this, it is 
only necessary to differentiate the lengths of the longitudi 
nally extending portions of the first member 141 and the 
second member 142 of the antenna 91, for example. More 
specifically, by so doing, when the second antenna member 
13 is bent, the portion where a crease is formed differs with a 
direction in which the second antenna member 13 is bent, 
with the result that creases are prevented from concentrating 
at a specific part of the antenna 91 (See FIGS. 8A, 8B and 8C). 
and the bending resistance of the antenna 91 can be increased. 
The IC chip 11 fixed to the first antenna member 12 has 

circuits formed on a silicon Substrate. Such as a communica 
tion circuit and a non-volatile memory. FIG. 9 is a block 
diagram of circuits concentrated on an IC chip 11. As illus 
trated in FIG.9, the circuits concentrated on the IC chip 11 are 
an antenna circuit 911, a rectifier circuit 92, a power regulator 
93, a clock generator circuit 94, a demodulator circuit 95, a 
modulator circuit 96, a logic circuit 97, and a non-volatile 
memory 98. The circuits shown in FIG. 9 operate as described 
below, for example. When an interrogation signal from the 
interrogator unit is received at the antenna circuit 911, elec 
tromotive force is generated in the antenna circuit 911 by the 
received signal. Part of the electromotive force is rectified by 
the rectifier circuit 92 to supply drive power for the wireless 
IC tag 1. Some other part of the electromotive force is Sup 
plied to the clock generator circuit 94 which generates a clock 
signal to operate the logic circuit 97, for example. On the 
other hand, the received signal from the antenna circuit 911 is 
demodulated by the demodulator circuit 95, and based on the 
demodulated signal, the logic circuit 97 reads information 
stored on the non-volatile memory 98. The read-out informa 
tion is supplied to the modulator circuit 96 from the logic 
circuit 97, and a modulated signal from the modulator circuit 
96 is transmitted by the antenna circuit 911 as a reply signal 
to the outside. 

FIG. 10 is a sectional view of a wireless IC tag 1 shown as 
another embodiment of the present invention, obtained by 
modifying the wireless IC tag 1 in the structure illustrated in 
FIGS. 1 and 2. In this embodiment, two pieces of the second 
antenna member 13 are used. By laminating second antenna 
members in a laminated structure as in this case, the strength 
of the antenna 91 against external forces can be increased. As 
ways of Superposing a second antenna member 13 and a first 
antenna member 12 in a case where two pieces of the second 
antenna member 13 are used, there are, for example, a method 
of pinching a first antenna 12 between two second antenna 
members 13 (FIG. 11A), a method of placing a two-ply struc 
ture of second antenna members 13 on the front surface side 
of a first antenna member 12 (FIG. 11B), and a method of 
placing a two-ply structure of second antenna members 13 on 
the rear surface side of the first antenna member 12 (FIG. 
11C). 
The wireless IC tag 1 may beformed in such a way that the 

second protective material 15 covers only the circumference 
of the first protective material 14 as shown in FIG. 12. In this 
case, too, since the base portion of the second antenna mem 
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ber 13 is protected by the soft second protective material 15, 
the second antenna member 13 is less liable to be creased and 
therefore it is possible to securely protect the IC chip 11 and 
the slit 121 from external forces and provide the longitudi 
nally extending portion of the antenna 91 with resistance to 
bending. Moreover, since the portions not protected by the 
second protective material 15 can be made thin, this wireless 
IC tag 1 can be used in a wider range of application when the 
thickness is much of problem. Incidentally, in a wireless IC 
tag 1 structured as shown in FIG. 12, the second antenna 
member 13 may be used in a two-ply structure as shown in 
FIG. 13. 
The wireless IC tag 1 shown in FIG. 14 is built by reversing 

the order of laminating the first protective material 14 and the 
second protective material 15 from the order in the preceding 
examples. More specifically, the first protective material 14 is 
located outside of the second protective material 15. As for 
the method of laminating the first protective material 14 and 
the second protective material 15, there can be many varia 
tions depending on specifications and usages of the wireless 
IC tag 1. 
The wireless IC tag 1 shown in FIG. 15 is formed by using 

two second antenna members 13 in the wireless IC tag 1 of the 
structure shown in FIG. 14. The wireless IC tag 1 shown in 
FIG. 16 is formed in such a way that the second protective 
material 15 is wider than the first protective material 14 which 
covers a shorter portion of the second protective material 15 
in a direction of the secondantenna member 13 in the wireless 
IC tag 1 shown in FIG. 15. The wireless IC tag 1 shown in 
FIG. 17 is formed by using two second antenna member 13 in 
the wireless IC tag 1 of the structure shown in FIG. 16. 

Incidentally, besides the symmetric antennas described 
above, the antenna 91 may beformed in a structure shown in 
FIG. 18, for example. The secondantenna member 13 shown 
in FIG. 18 is a flat, rectangular part in a size of about 3 mm in 
vertical length by 45 mm in width by 89 um in thickness, for 
example. Note that the second antenna member 13 in FIG. 18 
is not provided with a slit 121 unlike in a symmetric antenna. 
As shown in FIG. 19 for example, the antenna 91 using the 
second antenna member 13 shown in FIG. 18 is formed by 
Superposing the first antenna member 12 and the second 
antenna member 13 so that their longitudinal directions are 
parallel to each other by moving the first antenna member 12 
structured as shown in FIG.3 from one end of the longitudinal 
direction of the second antenna member 13 shaped as shown 
in FIG. 18, and that the portion where the IC chip 11 and the 
matching circuit are provided does not overlap the antenna 
member 13. 
The IC tag1 shown in FIGS. 20 and 21 is an example of a 

wireless IC tag 1 formed by an antenna 91 shown in FIG. 19 
(hereafter referred to as an asymmetric antenna). Note that 
FIG.20 is a perspective view of the wireless IC tag 1, and FIG. 
21 is a sectional view taken along line A-A of the wireless IC 
tag 1 of FIG. 20. 

Also for the wireless IC tag 1 using an asymmetric antenna, 
various variations are possible in forming the antenna struc 
ture as in the symmetricantenna. For example, the wireless IC 
tag 1 shown in FIG. 22 is formed by providing two second 
antenna members 13 in a wireless IC tag 1 using an asym 
metric antenna. The wireless IC tag 1 shown in FIG. 23 is a 
case where the second protective material 15 covers only the 
circumference of the first protective material 14 in the wire 
less IC tag 1 shown in FIG. 21. The wireless IC tag 1 shown 
in FIG. 24 is formed by using two second antenna members 
13 in the wireless IC tag 1 shown in FIG. 23. In a wireless IC 
tag 1 shown in FIG. 25, the first protective material 14 is 
provided on the outer circumference of the second protective 
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8 
material 15. The wireless tag 1 shown in FIG. 26 uses two 
second antenna members 13 in the wireless IC tag 1 shown in 
FIG. 25. A wireless IC tag 1 shown in FIG. 27 is formed in 
such away that the second protective material 15 is wider than 
the first protective material 14 which covers a shorter portion 
of the second protective material 15 in a direction of the 
second antenna member 13 in the wireless IC tag 1 shown in 
FIG. 25. In addition, a wireless IC tag 1 shown in FIG. 28 is 
formed by using two second antenna members 13 in the 
wireless IC tag 1 shown in FIG. 27. 

Then, description will be made of a method for manufac 
turing the symmetric and the asymmetric antennas described 
above. FIGS. 29A and 29B show an example of the method 
for manufacturing the symmetric antenna. In this method, a 
first material 301 in a tape form having slits 121 formed at 
predetermined intervals along the longitudinal direction of 
the first material is superposed onto a second material 302 
folded along a center line in the longitudinal direction of said 
second material and having rectangular notches 131 formed 
symmetrically at predetermined intervals, each notch having 
wide sides parallel with the longitudinal direction of the sec 
ond material, said Superposition being carried out in Such a 
manner that the first material 301 closes each notch 131 and 
each slit 121 does not overlap the second material (FIG.29A). 
Then, the superposed first material 301 and second material 
302 are cut off so that the notches 131 may be separated from 
one another, and thus symmetric antennas are obtained (FIG. 
29B). 
On the other hand, FIG. 30 shows an example of a method 

for manufacturing an asymmetric antenna. In this method, a 
first material 311 in a tape shapehaving a plurality of slits 121 
formed in a direction perpendicularly to the longitudinal 
direction of a second material 312 is inserted into a second 
material 312 in a tape shape folded along the center line in the 
longitudinal direction of the second material, and then the 
first material 311 and the second material 312 are superposed 
in such a manner that the slits 121 do not overlap the second 
material 312 and that the wide sides of the first material 311 
and of the second material 312 are parallel to each other (FIG. 
30A). Then, the superposed first material 311 and second 
material 312 are cut into rectangular strips in Such a manner 
that the respective slits 121 are separated from one another 
and the longitudinal direction portion of the second material 
312 becomes short sides of the antennas (FIG. 30B). 

In the above-mentioned method for manufacturing sym 
metric antennas, by moving the first material 301 or the sec 
ond material 302 in the direction of the short sides of the first 
antenna members 12, the first material 301 and the second 
material 302 are positioned. On the other hand, in the case of 
the asymmetric antennas, by moving the first material 311 or 
the second material 312 in the direction of the wide sides of 
the first antenna members 12, the first material 311 and the 
second material 312 are positioned. Therefore, permissible 
erroris larger for asymmetric antennas, which are adjusted by 
being moved in the longitudinal direction of the first antenna 
members 12, than for symmetric antennas, with the result that 
the asymmetric antennas can be positioned more easily than 
the symmetric antennas. In the above-mentioned symmetric 
antenna manufacturing method, an intervening resin 303 is 
needed to couple the adjacent second antenna members 13 
together. On the other hand, the asymmetric antenna manu 
facturing method does not require this resin and offers better 
chances for savings in material cost than in the symmetric 
antenna manufacturing method. 
The embodiments of the present invention have been 

described in detail, but the above description of the embodi 
ments is to facilitate understanding of the present invention, 
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but not to limit the scope of the present invention. Needless to 
say, the present 20, invention can be altered or modified 
without departing from the spirit of the present invention and 
includes all its equivalents. 

For example, the first protective material 14 may beformed 
by potting a resin, Such as epoxy resin. 

If the second protective material 15 is expanded as a large 
external force is applied to the end portion of it, the antenna 91 
difficult to expand or contract remains almost unchanged in 
length, but only the second protective material 15 is 
expanded, and when the external force disappears and the 
second protective material 15 shrinks, the antenna 91 is some 
times deformed in a wavy form as it is dragged by the second 
protective material 15. This deformation can be prevented by 
providing holes at predetermined intervals in the longitudinal 
direction of the antenna 91 (the holes are referred to as antislip 
holes 331), and filling the second protective material 15 into 
the holes to thereby interconnect the front surface side and the 
rear surface side of the second protective material 15. In other 
words, by the means described above, even if an external 
force acts on the second protective material 15, the second 
protective material is expanded only at its end portion, that 
portion of the second protective material 15 which is filled in 
the antislip holes 331 hardly expands, with the result that even 
when the second protective material 15 contracts, the antenna 
91 is not dragged, offering no chances of deformation as 
described above. FIG. 31 shows a plan view of a symmetric 
antenna with the antislip holes 331, and FIG. 21 also shows a 
plan view of an asymmetric antenna with the antislip holes 
331. 

It should be further understood by those skilled in the art 
that although the foregoing description has been made on 
embodiments of the invention, the invention is not limited 
thereto and various changes and modifications may be made 
without departing from the spirit of the invention and the 
Scope of the appended claims. 
The invention claimed is: 
1. A wireless IC tag, comprising: 
an IC chip including a response circuit for receiving a 

signal sent from an interrogator and transmitting a 
response signal; 

a rectangular antenna connected to the response circuit; 
a first protective material having a hard to bend character 

istic, for covering the IC chip; and 
a second protective material having an easier to bend char 

acteristic than the first protective material, for covering 
at least a part of the antenna; 

wherein the antenna has a structure formed by Superposing 
a pair of flat members including a first antenna member 
connected to the IC chip and a second antenna member, 
the second antenna member being arranged to be softer, 
tougher and more difficult to crease when bent than the 
first antenna member, 

wherein the second antenna member is longer than the first 
antenna member, 

wherein the first antenna member is provided with a slit 
serving as a matching circuit to match impedance 
between the antenna and the response circuit; and 

wherein the first antenna member is Superposed on the 
second antenna member in Such a manner that the slit of 
the first antenna member does not overlap the second 
antenna member. 

2. The wireless IC tag according to claim 1, wherein a 
length of the second antenna member is half of a wavelength 
of a radio wave to be handled by the antenna. 

3. The wireless IC tag according to claim 1, wherein the 
second protective material extends longer than the first pro 
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10 
tective material to the outside in the longitudinal direction of 
the first antenna member and the secondantenna member, the 
first protective material including a first member on one side 
of the IC chip and a second member on the opposite side of the 
IC chip, the length of the first member and the second member 
being arranged to be different from each other in the longitu 
dinal direction of the antenna. 

4. The wireless IC tag according to claim 1, wherein the 
second protective material is provided on an outer Surface of 
the first protective material. 

5. The wireless IC tag according to claim 1, wherein the 
second protective material is provided so as to cover the entire 
second antenna member. 

6. The wireless IC tag according to claim 1, wherein the 
first protective material comprises: 

a first member in a flat-plate shape provided on a front 
Surface side of the antenna, and 

a second member in a flat-plate shape provided on a rear 
Surface side of the antenna, 

wherein the first member and the second member differ in 
the length extending to the outside in the longitudinal 
direction of the antenna. 

7. The wireless IC tag according to claim 1, wherein the 
first protective material is at least one of polyethylene, poly 
ethylene terephthalate, amorphous polyester, nylon 6, poly 
vinyl alcohol, polypropylene, nylon 6, 6, polytetra fluoroet 
hylene, and epoxy resin. 

8. The wireless IC tag according to claim 1, wherein the 
second protective material is at least one of urethane-based 
elastomer and silicon rubber. 

9. The wireless IC tag according to claim 1, wherein the 
second protective material extends longer than the first pro 
tective material to the outside in the longitudinal direction of 
the second antenna member, the first protective material 
including a first member on one side of the IC chip and a 
second member on the opposite side of the IC chip, the length 
of the first member and the second member being arranged to 
be different from each other in the longitudinal direction of 
the antenna. 

10. The wireless IC tag according to claim 1, wherein the 
antenna has a laminated film structure of a conductor layer 
and a resin layer. 

11. The wireless IC tag according to claim 10, wherein the 
conductor layer is at least one of a conductor foil and a vapor 
deposited conductor film. 

12. The wireless IC tag according to claim 11, wherein the 
conductor layer is a layer made of at least one of aluminum, 
copper and silver. 

13. The wireless IC tag according to claim 10, wherein the 
resin layer is a layer made of at least one of non-stretchable 
polypropylene, polyethylene terephthalate, and high density 
polyethylene. 

14. The wireless IC tag according to claim 10, wherein the 
laminated film structure is at least one of a structure formed 
by laminating a casting poly-propylene (CPP) layer of non 
stretchable polypropylene, a conductor layer, and a poly 
ethylene terephthalate (PET) layer of polyethylene terephtha 
late, a structure formed by laminating a high density 
polyethylene (HDPE) layer, and a PET layer, a structure 
formed by laminating a CPP layer, a conductor layer, and a 
CPP layer, and a structure formed by laminating a CPP layer, 
a conductor layer, and a HDPE layer. 

15. A wireless IC tag, comprising: 
an IC chip including a response circuit for receiving a 

signal sent from an interrogator and transmitting a 
response signal; 

a rectangular antenna connected to the response circuit; 
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a first protective material having a hard to bend character 
istic, for covering the IC chip; and 

a second protective material having an easier to bend char 
acteristic than the first protective material, for covering 
at least a part of the antenna; 

wherein the antenna has a structure formed by Superposing 
a pair of flat members including a first antenna member 
connected to the IC chip and a second antenna member, 
the second antenna member being arranged to be softer, 
tougher and more difficult to crease when bent than the 
first antenna member, 

wherein the second antenna member is longer than the first 
antenna member, 

wherein the antenna has a laminated film structure of a 
conductor layer and a resin layer, 

wherein the laminated film structure is at least one of a 
structure formed by laminating a casting poly-propylene 
(CPP) layer of non-stretchable polypropylene, a con 
ductor layer, and a poly-ethylene terephthalate (PET) 
layer of polyethylene terephthalate, a structure formed 
by laminating a high density polyethylene (HDPE) 
layer, and a PET layer, a structure formed by laminating 
a CPP layer, a conductor layer, and a CPP layer, and a 
structure formed by laminating a CPP layer, a conductor 
layer, and a HDPE layer; and 

wherein a slit is formed in the center of the first antenna 
member, a notch is formed in the center of the second 
antenna member, and the first antenna member is Super 
posed on the second antenna member in Such a manner 
that the slit does not overlap the notch. 

16. The wireless IC tag according to claim 14, wherein the 
first antenna member is Superposed on an end portion in the 
longitudinal direction of the second antenna member. 

17. The wireless IC tag according to claim 14, wherein a 
plurality of the second antenna members are Superposed on 
the first antenna member. 

18. The wireless IC tag according to claim 1, wherein the 
first protective material or the second protective material is in 
a structure formed by bonding sheet-like materials together 
by a heat-sealing process. 

19. The wireless IC tag according to claim 2, wherein the 
first protective film or the second protective film is in a struc 
ture formed by bonding sheet-like materials together by a 
heat-sealing process. 

20. The wireless IC tag according to claim 19, wherein said 
rectangular antenna is provided with a plurality of through 
holes at predetermined intervals, and one portion of said 
second protective material which covers the front surface side 
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of said antenna and the other portion of said second protective 
material which covers the rear Surface side of said rectangular 
antenna are interconnected by said second protective material 
filled in said through-holes. 

21. A method for manufacturing an antenna of a Super 
posed structure of a first antenna member in a rectangular 
shape and a secondantenna memberina rectangular shape for 
use in a wireless IC tag including a response circuit for receiv 
ing a signal sent from an interrogator and transmitting a 
response signal in response to said signal, said method com 
prising the steps of: 

Superposing a first material in a tape shape onto a second 
material folded along a center line in the longitudinal 
direction of the second material to cover the first antenna 
member of the antenna, the first material having slits 
formed symmetrically at predetermined intervals in the 
longitudinal direction of the first material, the second 
material having rectangular notches formed symmetri 
cally at predetermined intervals, each notch having wide 
sides parallel with the longitudinal direction of the sec 
ond material, and said Superposition being carried out in 
Such a manner that the first material closes each notch 
and each slit does not overlap the second material; and 

cutting off said Superposed first material and second mate 
rial into rectangular strips so that said notches are sepa 
rated from one another. 

22. A method for manufacturing an antenna of a Super 
posed structure of a first antenna member in a rectangular 
shape and a secondantenna memberina rectangular shape for 
use in a wireless IC tag including a response circuit for receiv 
ing a signal sent from an interrogator and transmitting a 
response signal in response to said signal, said method com 
prising the steps of: 

inserting a first material in a tape shape having slits formed 
therein into a second material in a tape shape folded 
along a center line in the longitudinal direction of said 
second material So as to cover the first antenna member 
of the antenna, and Superposing said first material and 
said second material in Such a manner that said slits do 
not overlap said second material and that said wide sides 
of said first material and said second material are parallel 
to each other, and 

cutting said Superposed first material and second material 
into rectangular strips in Such a manner that respective 
strips are separated from one another and said longitu 
dinal portion of said second material becomes short 
sides of antennas. 
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